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Main Points

* The plasmapause moves in and out at solar rotation periodicities (~27-
days).

* By a significant amount: ~ 0.7 R; on average.
* Driven by convection associated with CIRs.
* Most pronounced in the declining phase of the solar cycle.

* Significant efficiency of the solar wind in driving the convection electric
field, ~ 70% at the solar rotation periodicity.

* The outer belt is also strongly modulate at ~27-days, especially at 4.5 L
(average Lpp) in the solar cycle declining phase.

* ULF power also shows ~27-day variations; preliminary observations show
anti-correlation in the L-value of max ULF amplitude with Lpp.



Change in the modulation of the plasmapause L-
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Comparing the spectra of two 6 month intervals, near solar
maximum (2013) and in the declining phase (2015).
Magnetosphere quantities from the duskside.

The RBSP B dawn-dusk electric field, Lpp, cold density and
Kp show increased amplitudes at frequencies of solar
rotation (~27 days) in 2015 v. 2013.

“efficiency of reconnection” (the efficiency of the solar wind
in driving the convection electric field) ratio of the peak
solar wind electric field to the peak in the local measured
electric field.

On timescales of solar rotation periodicities is ~ 70%
(determined from the as compared to values determined
from the cross polar cap potential of ~¥15to 20 % .

Note large peak in 2015 SW Ey does not show up clearly in
Lpp, etc. This is a topic under investigation.
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Van Allen Probes B REPT 1.8, 3.4 MeV electrons 2015 - 2017
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Van Allen Probes B REPT 1.8, 3.4 MeV electrons 2015

Note that the
plasmasphere
is often
overlaying a
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Van Allen Probes B REPT electrons (outbound)
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ULF and solar cycle influence on outer belt:
assorted references

* Rostoker et al [1998] correlation between ULF and energetic electron flux
at GOES 7. ULF power increases 1-2 days prior to the flux.

e Elkington et al [1999]: toroidal mode Pc 5 ULF can adiabatically accelerate
energetic electrons.

 Mathie and Mann [2000]; O’Brien et al [2001]; Baker and Kanekal [2007];
show that Vsw > 450 km/s (or 500 km/s) correlate with enhanced energetic
flux in the outer belt.

* O’Brien et al [2003] ; examines VLF and ULF, suggests that ULF is the main
geoeffective driver at L > 5.

 Mann et al [2004]; ULF and Vsw have the highest correlation with the
energetic electrons flux in the late declining phase.
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The L-value of the maximum ULF amplitude (Ey, 1-6 min, 2.8 —

16.7 mHz ) and plasmapause L-value anti-correlate.
Consistent with the results of Claudepierre et al [2016]
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Main Points (again)

* The plasmapause moves in and out at solar rotation periodicities (~27-
days).

* By a significant amount: ~ 0.7 R; on average.
* Driven by convection associated with CIRs.
* Most pronounced in the declining phase of the solar cycle.

* Significant efficiency of the solar wind in driving the convection electric
field, ~ 70% at the solar rotation periodicity.

* The outer belt is also strongly modulate at ~27-days, especially at 4.5 L
(average Lpp) in the solar cycle declining phase.

* ULF power also shows ~27-day variations; preliminary observations show
anti-correlation in the L-value of max ULF amplitude with Lpp.
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Van Allen Probes B REPT electrons (outbound)
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Van Allen Probes B REPT electrons (outbound)
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Spectra 2013 Spectra 2014 Spectra 2015 Spectra 2016
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ULF waves power and outer belt flux have been shown to
sometimes correlate.

Rostoker et al. [1998]
the increases in ULF
and flux to encounters
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The dayside anti-correlation between the L-value of
maximum ULF amplitude and Lpp is consistent with the
results of Claudepierre et al [2016]
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Van Allen Probes B REPT 1.8, 3.4 MeV electrons 2015
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Van Allen Probes B REPT 1.8, 3.4 MeV electrons 2015
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Yearly FFT power spectra of the variations in plasmapause L-value (Lpp) in the context
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Yearly FFT power spectra of the variations in plasmapause L-value (Lpp) in the context
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Change in the modulation of the plasmapause L-

value (Lpp) with phase of the solar cycle
Lpp spectra 2013 Lpp spectra 2015
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The inbound plasmapause L-value anti-correlates with the solar wind Ey (> 0 mV/m), flow
speed, and Kp, and has a variable correlation and anti-correlation with EUV
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Correlation coefficients between the (22 -32 day) plasmapause location (Lpp)
and solar wind speed, solar wind electric field, Kp, and UV irradiance
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The outbound plasmapause L-value anti-correlates with the solar wind Ey (> 0 mV/m),
flow speed, and Kp, and has a variable correlation and anti-correlation with EUV

. 10F - -
22 ¢ .E Lppand Vx| SW E
33IL E ]
oas9s i . . .
Sg88 00 E Anti-Correlations ( >95 %
SN R I TR A U e N A R Y W 3 : :
8%N% 05F = confidence, below --- line)
h 106 - d between the outbound
= — ~E I :
28 .8 osE LPpand By SW E plasmapause L-value and
SREEL  E e Ey (> 0 mV/m) solar wind,
8E£5T5 C -
SZAA0 0.0l — .
°58%%  E peE solar wind speed (| Vx|),
Sg % 0°F S and Kp (all filtered 22 -32
L C. -
. 10F - days)
s B o5t LPPANKP :
05608 il =
(A= @ = =
DEXNS 0.0F e
MmPon? -
XAz A
- T °'5WWW Correlation and Anti-
T . 1oE : : . . Correlations ( >95 %
5 @ - )
SEx8 osf Lpp and121.5 nm UV confidence) between
= To Nt u = =
g§§8 ] =7 o (WY A2 VYA V| O A N B N4 PO N R Y = - plasmapause L and La
O ] o .
;%5; sl WSONU S e = (both filtered 22 -32
ap g YCE 5
9} =
Q& 1.0k . . . 32 days)
Year 2013 2014 2015 2016 2017



Main Points

* These observations are possible because the Van Allen Probes have a near

equatorial orbit over which they cover a range of geocentric distances from
~1.1to 5.8 Ri; over the five years of the Van Allen Probes mission the
apogee has made more than two complete passes through all MLT; EFW
and EMFISIS instruments enabled the determination of cold plasma density
over a wide range of densities.

* The structure and amplitude of the spectral peaks vary over the solar cycle.

Most of the spectral power is located in the peaks at the solar rotation
period and harmonics. This effect is most pronounced in the declining
phase versus solar maximum.

The data also allows the Van Allen Probes to assess the long term
efficiency of reconnection in controlling the convection electric field in the
inner magnetosphere at different locations.



Main Points

* For the first time using direct observations of the cold plasma density
and dawn-dusk electric field measured by the Van Allen Probes, we
have established the occurrence of modulations in plasmapause L-
value and electric field strength in the inner magnetosphere being
driven at solar rotation periodicities,™~ 26-37 days.

* These modulations at solar rotation periodicity are significant:
* The plasmapause L-value moves in and out by nearly ~0.7 R¢.

* The cold plasma densities are strongly modulated from L- values 2.5 to 5 R,
varying by up to ~35% of the average background density.

* The dawn-dusk electric field is modulated with amplitudes ~ 0.3 mV/m,
similar to the average dawn-dusk electric field value, ~0.26 mV/m

* The Ey-mag/Ey-sw on this timescale is ~ 75%, as compared to values
determined from the cross polar cap potential of ~¥15to0 20 % .
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Fig. 3. (a) A plot of the solar wind speed and sunspot number for the period 1992-2004 and (b) a plot of the £ = 2.6 MeV electron fluxes
measured by SAMPEX for the same period. The lower panel shows L-value (vertical scale) versus time (horizontal axis). The directional
intensity of electrons is shown in a color-coded format according to the color bar to the right (adapted from Baker et al., 2004b).

“The long-term perspective—meaning variations on the scale of the 11-year sunspot cycle—shows that the
electron radiation belts are most enhanced in a 2—-3-year interval that we call the approach to solar
minimum. This is a period that corresponds to the time of solar coronal holes and concomitant high-speed
solar wind streams. Essentially whenever VSW exceeds 500km/s for an extended interval of time, the radiation
belts become energized. We do not yet fully understand in quantitative detail how electron acceleration takes

place, but considerable progress is being made. “



